Erbium doped fiber amplifiers (EDFA) are most commonly used in optical networks for the most assorted applications. The fast power transient effect of the cascaded erbium-doped fiber amplifiers (EDFA) in 45 channels optical ring network is investigated. The power transient effect of EDFA's are observed when channels are added and dropped. It is shown that, for low channel adding/dropping frequency closed to EDFA transient rate, the transmission performances of the surviving channels are impaired severely. And also ring laser configuration technique has been reported to mitigate the effect of power transients. Optsim simulation was utilized for simulation of the designed DWDM OADM ring network.
INTRODUCTION

Wavelength division multiplexing technique [WDM] uses
EDFA's for enhancing transmission capacity [1] [2] [3] . High capacity, reliability, flexibility and cost effectiveness features of WDM technique makes it attractive to get used in optical fibers. [4] . Multiwavelength optical networks use EDFA's to decrease the effects of fiber attenuation and splitting of signal powers. The performance of the optical network is affected by the large changes in input-output power to an EDFA thereby generating optical power transients at the output. It is also noted that the value of transients increases with the increased number of amplifiers in a chain because of depletion, saturation, state lifetime characteristics [5] [6] [7] [8] [9] [10] . Large changes in the input optical power to an EDFA can adversely affect optical network performance. The transient speed in a cascade of EDFA's is directly proportional to the number of EDFA's in a cascade [11] . The transients caused by channel dropping are more as compare to channel adding [10] . These transients have effect on all over network performance. The power variation of EDFA input will result in undesirable fast power transients in the surviving channels due to dynamic cross-gain saturation effect [12] . In Ring OADM, the lasing power plays reservoir of excited Erbium ions and surrounds in opposite direction to input signal variation. When network is reconfigured due to adding/dropping of channel, the power of the surviving channel increases or decreases due to cross saturation in the amplifier [13] . This paper is summarized as follows: Section 2 provides a relevant literature review for measuring transients; Section 3 provides a simulation setup, Section 4 provides simulation results.
RELATED WORK
X.Tang et al. [14] investigated the fast transient effect of the cascaded Erbium-doped amplifiers in wavelength routed optical networks. The power transient and BER degradation of surviving channels in a wavelength routed optical ring network were evaluated. The authors choose double-fiber unidirectional self-healing ring architecture consisted of three OADMs. Z.Khaki et al. [15] presented WDM system in which amplification was based on EDFA. The proposed system offered better performance in terms of gain. In the proposed method, pump power and fiber length were controlled to optimize EDFA for better gain flattening. A.Willner et al. [16] did analyses of cascaded EDFA in WDM ring based network. Analysis was done for achieving a high SNR for 20 WDM channels faced 0.5 nm apart. The authors also employed optical filters in a cascade of EDFA. By employing the optical filters, the authors determined the optimal conditions for passively equalizing many WDM channels while maintaining a high SNR.
When channels are added or dropped because of system reconfiguration in DWDM systems, power levels of surviving channels fluctuates. Dropping channels produces non-linear effects such as scattering as power of surviving channels may increase the threshold for non-linear effects. Additions of channels decrease the power of surviving channels. Thus, to maintain quality of service, power excursion should be limited for channels other than dropped or added channels at the OADM. Fig 1 shows the schematic diagram of 10 × 45 channels DWDM OADM ring network to study power transients and the BER degradation of channels in a routed optical network connected by non linear single mode fiber. The task of every node is to convert the electronic data into optical signal and then further transmitting optical link of DWDM ring. It also has the ability of dropping/adding any wavelength to each data channel. To compensate any fiber losses, EDFA is inserted after each fiber span. To compensate the non-linearties of multichannel system, LEAF (large effective area fiber) is mainly used.
SIMULATION SETUP
Fig.1 Six nodes, 45 channel DWDM OADM ring
The power per channel at transmitters is used is 9db. 45 wavelengths are used at 0.4 nm channel spacing at 45 GHz and wavelength ranging from 1545 nm to 1556 nm wavelength. Total 6 EDFA are used.Time delay block is used to connect signal from last node back to first node for performing ring simulations with multiple iterations.
The simulation setup for observing transients in optical ring network has been shown in fig.2 . For simplicity, only two wavelengths i.e.1545 and 1556 nm is used for the observation of power transients.1545 nm wavelength is used as switching wavelength and 1556 nm wavelength is used as surviving wavelength .Surviving wavelength is the wavelength, which excursion power transients when 1545 nm wavelength is added or dropped. Rest other 45 wavelengths should be applied with null signal to make it inactive.
Fig 2: Block diagram of Simulation setup
The system is co-pumped at 980 nm with 55 mw of pump power and Tx1 is 1556 nm wavelength signal and Tx2 is at 1545 nm wavelength signal. The transient plotter is attached after first EDFA for the transient effects plotting. It must be noted that lambda 1 can be switched on and off with the help of switch and lambda 16 is considered as the surviving channel. Tx1 i.e. 1556 nm channel wavelength is directly attached whereas Tx2 i.e. 1545 nm channel wavelength is connected through switch for on/off (adding/dropping) and the third input is 980 nm pump laser. Fig.3 demonstrates practical simulation set up for investigating transient effects. As shown in the figure, OADM first input is 1545 nm wavelength signal, which is supposed to be added or dropped using a switch and signals of 1556 nm wavelength and 980 nm wavelength are connected internally to OADM block
RESULTS AND DISCUSSIONS
When channels are added or dropped because of system reconfiguration in DWDM systems, power levels of surviving channels fluctuates. Non-linear effects such as scattering are generated on dropping of channels, which also results in increase in threshold power of surviving channels. The power of surviving channels is decreased when more channels are added. Thus, to maintain quality of service, power excursion should be limited for channels other than dropped or added channels at the OADM.
Two signals i.e. 1556 nm wavelength and 1550 nm wavelength is used in the modeled ring for analyses. As observed, when 1545 nm signal wavelength is dropped at node 1, transients are generated due to 1556 nm signal, thereby, resulting in rise in power level. 6 shows the effect of transients after two EDFAs. It is observed that surviving channel i.e.1556 nm signal again shoots up when at second OADM 1545 nm signal is again dropped. As shown in figure, it is clear that when no. of EDFAs in the chain is increased, the power excursions experience faster rise times.
Fig 6: Signals after 2 EDFA
The transient effects after six EDFAs can been seen in figure  7 . It is shown that no transients are observed at 1545 nm wavelength but suppression is much more in 1537nm and 1557nm suppression wavelength even if we take chain of 6 EDFAs. 
TRANSIENT MITIGATION USING RING LASER TECHNIQUE
Channels' adding and dropping feature in network configuration comes at the cost of power transient effect which is not acceptable to service providers. In order to protect the amplified networks, several schemes were implemented to overcome the problem caused by the power transients. With the increase in the pump power, an increase in the EDFA gain can be seen without affecting, P th , the threshold pump power value. For the case in which EDFA gain is above 0 dB, the gain decreases as the signal power increases, whereas in the case where EDFA gain is below 0 dB, then the gain increases as the signal power increases. In order to stabilize the gain when there is a change in signal power, the pump power values are varied such that the gain variations are opposed. But it was observed that in this implemented scheme, the gain decreases with the increase in signal power but high signal power is compensated by increasing the pump power by some specific amount of power. Ring Laser technique is an alternative scheme implemented to compensate the gain variations. There was an increase in suppression in 1537 nm and 1557 nm wavelengths, even though at 1550 nm there occurs no transient effects.
Ring Laser technique as shown in Figure 8 was implemented to suppress these power excursion. Necessary gain is provided by an EDFA. Switch model implemented in the scheme is used to turn on and off the 1550 nm wavelength signal. The 1537 nm wavelength is used as a lasing channel and 1556 nm wavelength is used as a surviving channel. On dropping 1550 nm wavelength signal, the lasing signal at 1537 nm clamps the transient effect in the surviving channel. Lasing signal at 1537 nm may cause few oscillations to the surviving channel. It was observed that gain controlled mechanism minimized the power excursions.
ASE noise of the EDFA results in the evolvement of the lasing signal. The stability of the surviving signal increases greatly due to stronger lasing signal which is the result of decreased loss in the loop. This achievement is at the cost of overall gain of the EDFA. The simulation scheduler requires an initialized multiplexer, so in order to input an initial value to the multiplexer, a delay block has been incorporated without affecting the physical properties of signals passing through it. The graph showed in figure 9 shows the result after using the ring laser. 
CONCLUSION
The DWDM OADM Ring consists of six nodes, 45 channels, spaced at 0.4 nm in 300 km span. The simulation has been performed and the results are obtained. The transient effect of cascaded EDFA was also observed using T Plotter results. To solve the problem of transient effect, ring laser technique is proposed and implemented. The T Plotter results were better on applying the ring laser technique. In future scope, transient effect in cascaded EDFA can also be mitigate by using fabry perot method instead of using ring laser technique.
